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TITLE OF THE INVENTION; 

BLOOD TREATMENT MACHINE AND UNIT 


The present invention relates to a blood treatment 
10 machine and unit. 

More specifically, the present invention relates to 
a machine designed to permit respiration support therapy 
and/or extrarenal purification therapy, such as CRRT 
(Continuous Renal Replacement Therapy) , of a patient, to 
15 which application the following description refers purely 
by way of example. 

BACKGROUND OF THE INVENTION 

As is known, extrarenal blood purification systems 
or so-called "haemof iltrat ion systems" exist which 

20 provide for purifying the patient's blood of waste 
liquids and/or soluble substances which accumulate in the 
blood for pathological and/or surgical reasons, and/or as 
a result of substances administered to the patient, thus 
performing the functions normally carried out by healthy 

2 5 kidneys in correct working condition. 

Haemof iltration systems of the above type normally 
comprise a blood purification circuit, along which the 
patient's blood is fed to add any necessary supplements 
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and/or to purify it of any toxic solutes, and are 
connected to the patient by two feed conduits or 
catheters : one for supplying the non-purified venous 
blood of the patient to the purification circuit, and the 
5 other for feeding the purified blood into the patient's 
vein. 

The purification circuit normally comprises a pump 
connected to a first catheter by a conduit for receiving 
the patient's blood, and which pumps the patient's blood 

10 along the purification circuit; a unit for adding an 
anticoagulant to the blood; a heating and supplementing 
unit for adding a liquid supplement to the blood and 
heating the liquid supplement to a predetermined 
temperature; and a blood purifying filter or so-called 

15 haemofilter, which is connected to the second catheter 
and provides for eliminating any toxic elements in the 
blood before it is fed back to the patient's body. 

In certain patients in particularly critical 
condition, extrarenal purification therapy must very 

20 often be accompanied by respiration support therapy, by 
which the oxygen concentration of the patient's blood is 
supplemented by removing excess carbon dioxide (C0 2 ) from 
the blood. 

Systems of the above type, however, though providing 
25 for highly effective extrarenal blood purification, fail 
to provide for simultaneous respiration support therapy, 
so that the patient, during extrarenal purification 
therapy, must be ventilated by non-physiological means, 
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with obvious drawbacks and discomfort to the patient. 
SUMMARY OF THE INVENTION 

It is an object of the present invention to provide 
a machine designed to permit simultaneous extrarenal 
5 purification therapy and respiration support therapy of a 
patient . 

According to the present invention, there is 
provided a blood treatment unit as claimed in Claim 1. 

According to the present invention, there is also 
10 provided a blood treatment machine as claimed in Claim 
15 . 

BRIEF DESCRIPTION OF THE DRAWINGS 

A non-limiting embodiment of the present invention 
will be described by way of example with reference to the 
15 accompanying drawings, in which: 

Figure 1 shows, schematically, a blood treatment 
machine comprising a blood treatment unit in accordance 
with the teachings of the present invention; 

Figure 2 shows a schematic lateral section of the 
20 Figure 1 blood treatment unit; 

Figure 3 shows a schematic side view, with parts in 
section, of a variation of the Figure 2 blood treatment 
unit ; 

Figure 4 shows, schematically a variation of the 
25 Figure 1 machine. 

DETAILED DESCRIPTION OF THE INVENTION 

Number 1 in Figure 1 indicates as a whole a machine 
designed to permit simultaneous extrarenal blood 
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purification therapy, i.e. haemof iltrat ion, and 
respiration support therapy of a patient. 

Machine 1 substantially comprises a blood 
purification circuit 2, along which the patient's blood 
5 is fed to add liquid supplements and to purify it of any 
waste solutes and/or toxic elements; and one or more flow 
pumps 3 to maintain a given blood flow along blood 
purification circuit 2 . 

Blood purification circuit 2 is connected to the 

10 patient's cardiocirculatory system by two blood feed 
conduits or catheters, one of which, indicated 
hereinafter by 4, receives and supplies blood from the 
patient's vein to blood purification circuit 2, while the 
other, indicated hereinafter by 5 , is inserted inside a 

15 vein to feed the purified blood back into the patient's 
cardiocirculatory system. 

In the example shown, blood purification circuit 2 
comprises an inlet conduit 6 connecting catheter 4 to 
flow pump 3; and a unit 7 for adding an anticoagulant to 

2 0 the blood, and which is connected to an outlet conduit 8 
of flow pump 3 to add the anticoagulant to the blood 
flow. In the example shown, unit 7 may be defined by a 
tank 7 containing anticoagulant such as heparin or 
similar . 

25 With reference to Figure 1, blood purifying circuit 

2 also comprises a supplementing unit 9 for appropriately 
heating a liquid supplement or infusion to a given 
temperature and then adding it to the blood flowing in 
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purification circuit 2 . In the example shown, 
supplementing unit 9 comprises a tank 10 containing the 
liquid supplement or infusion; a conduit 11 connecting 
tank 10 to a connecting member 12 via a flow pump 3; and 
5 a heating device 13 connected to conduit 11 between flow 
pump 3 and tank 10 to heat the liquid supplement or 
infusion before it is mixed with the blood. 

In addition to conduit 11, connecting member 12 is 
also connected at the inlet to the outlet conduit 8 of 

10 tank 7, and provides for "mixing" the heated liquid 
supplement or infusion with the blood, and feeding the 
blood to an outlet conduit 14 . 

Purification circuit 2 also comprises a blood 
treatment unit 15 for both removing excess C0 2 from the 

15 blood, thus performing respiration support therapy, and 
ultraf iltering the blood of waste substances and/or 
liquids, thus performing extrarenal purification therapy. 

In the example shown, treatment unit 15 is connected 
at the inlet to the outlet conduit 14 of connecting 

2 0 member 12 to receive the mixed blood for C0 2 removal and 
purification, and is connected at the outlet, by a 
conduit 16, to a blood collecting vessel 17, in turn 
connected at the outlet to catheter 5 by a connecting 
conduit 18. In the example shown, blood collecting vessel 

25 17 may be defined, for example, by a known venous blood 
collecting tank not described in detail. 

An air detecting device 19 is fitted along 
connecting conduit 18, i.e. downstream from blood 
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collecting vessel 17, to remove from the blood any air 
bubbles which, if transmitted to the patient, could 
produce an embolism or other serious consequences. 

Preferably, though not necessarily, purification 
5 circuit 2 also comprises a pressure gauge 20 connected to 
inlet conduit 6, upstream from flow pump 3, to measure 
the "intake" pressure of the blood from the patient; a 
pressure gauge 21 connected to conduit 11 to measure the 
pressure of the liquid supplement from tank 10; and a 

10 pressure gauge 22 cooperating with blood collecting 
vessel 17 to measure the pressure of the blood to be fed 
back into the patient's cardiocirculatory system. 

Treatment unit 15 comprises a C0 2 removing device 2 3 
and a filter 24, which, as shown schematically in Figures 

15 1 and 2, are integrated to form one body, and provide 
respectively for eliminating a given amount of C0 2 from 
the blood, and ultraf iltering the blood of waste liquids 
and substances and/or toxic substances. 

In the example shown schematically in Figure 1, C0 2 

20 removing device 23 is connected to filter 24 so that 
filter 24 is substantially integrated in C0 2 removing 
device 23. More specifically, C0 2 removing device 23 
houses filter 24, and is connected upstream from filter 
24 with respect to the blood flow direction along 

25 purifying circuit 2. 

As shown in Figure 1, C0 2 removing device 23 device 
23 has an inlet 25 connected to conduit 14 to receive the 
blood for C0 2 removal and purification; an inlet 2 6 
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connectable to an oxygen cylinder or tank (not shown) to 
receive a predetermined amount of oxygen by which to 
remove C0 2 from the blood; an exhaust outlet 2 7 from 
which C0 2 removed from the blood is expelled; and an 
5 outlet 28 for the blood deprived of C0 2 . 

Filter 24 is connected downstream from C0 2 removing 
device 23, and has an inlet 29 connected to and supplied 
with blood deprived of C0 2 by outlet 2 8 of C0 2 removing 
device 23 ; an outlet 3 0 for expelling the ultraf iltrate 
10 containing the waste liquids and toxic and/or waste 
substances filtered from the blood; and an outlet 31 
supplying to conduit 16 the blood purified and deprived 
of C0 2 . 

With reference to Figure 2, as stated, C0 2 removing 
15 device 23 and filter 24 defining treatment unit 15 are 
advantageously integrated to form one body. 

More specifically, treatment unit 15 comprises two 
airtight containers or casings made of rigid material, 
such as polycarbonate or similar, and arranged one inside 
20 the other to define a seat 32 in between. 

The outer casing, indicated 34, is tubular, 
preferably, though not necessary, in the form of a 
cylinder or parallelepiped, and houses, in the gap 
defined by seat 32, a bundle of membranes 35, through 
2 5 and/or over which oxygen and a stream of pressurized 
blood flow in use , so that the haemoglobin in the blood 
releases C0 2 and simultaneously acquires oxygen to remove 
C0 2 from the blood. 
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Membranes 3 5 may be defined by a number of sheets or 
hollow fibres of polypropylene or similar material, and 
are arranged parallel to preferably occupy a central 
portion of seat 32 . 
5 The hollow fibres may obviously be arranged in any 

manner inside seat 32, e.g. crossed and/or wound to form 
a predetermined oxygen-blood exchange surface of, say, 
roughly 0.6-0.7 m 2 . 

In the Figure 2 example, the top of the bundle of 

10 membranes 35 is connected rigidly to the top end of outer 
casing 34 by a supporting plate 36, which extends 
outwards to define, with the inner wall of the top end, a 
top gap 3 7 communicating with the outside of outer casing 
34 via an oxygen inlet channel 38 defining inlet 26 of 

15 C0 2 removing device 23. 

More specifically, as shown clearly in Figure 2, 
oxygen inlet channel 38 is formed in the lateral wall of 
outer casing 34, and feeds the oxygen through gap 37 
downwards (arrow 0 2 ) , i.e. towards membranes 35. 

2 0 In the gap between membranes 3 5 and the inner 

casing, hereinafter indicated 39, a bell-shaped member 40 
is fitted beneath plate 36, is closed at the top by plate 
36, and has, at the opposite end, an inlet channel 41 
defining inlet 25 of C0 2 removing device 23. In the 

2 5 example shown, inlet channel 41 extends through the 
centre of the bottom end of outer casing 34, and provides 
for feeding the blood for C0 2 removal and purification 
(arrow S) into bell -shaped member 40. 
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At the bottom end of the bundle of membranes 35, 
bell -shaped member 4 0 has a number of through holes 42, 
through which, in use, the pressurized blood inside bell- 
shaped member 40 is pushed out towards membranes 35. 
5 The bottom end of outer casing 34 and the bottom 

portion of bell-shaped member 40 define a bottom gap 43 
communicating with membranes 35 and for receiving the C0 2 
released by the haemoglobin in the blood during 
oxygenation. As shown clearly in the Figure 2 example, 
10 bottom gap 43 communicates externally (arrow C0 2 ) via a 
C0 2 exhaust channel 44 formed in the bottom end of outer 
casing 34 and defining outlet 27 of C0 2 removing device 
23 . 

With reference to Figure 2, at the top of membranes 
15 35, beneath plate 36, the lateral wall of outer casing 34 
has an outlet channel 45 for the blood from C0 2 removing 
device 23, and from which C0 2 has been removed. 

Inner casing 3 9 is tubular, preferably, though not 
necessarily, in the form of a cylinder or parallelepiped, 
2 0 and is fixed rigidly by one end to a corresponding end of 
outer casing 34. More specifically, in the Figure 2 
example, inner casing 39 is housed inside bell-shaped 
member 40, and is connected rigidly at the top end to the 
top end of outer casing 34. 
2 5 Inner casing 3 9 in turn houses a number of highly 

permeable, semipermeable membranes 4 6 which, when 
subjected to hydrostatic pressure, provide for 
ultraf iltrating the blood to eliminate toxic elements 
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dissolved in the blood . 

More specifically, in the Figure 2 example, 
semipermeable membranes 4 6 are preferably, though not 
necessarily, defined by a bundle of hollow fibres made of 
5 highly permeable polysulphone , arranged substantially 
parallel, and along which the blood for filtering flows 
in use. 

As ultrafiltration removes a considerable amount of 
liquid from the blood, inner casing 3 9 has a drain 

10 channel 47 for expelling the liquids and toxic elements 
removed from the blood. More specifically, drain channel 
47 defines outlet 30 of filter 24, and, as shown in the 
Figure 2 example, extends from a lateral wall of and at 
the top end of inner casing 39, and partly through bell- 

15 shaped member 40 to come out inside outer casing 34. 

Inner casing 39 also comprises a blood inlet channel 
48, which is connected by a connecting conduit 49 to 
outlet channel 45 of outer casing 34, from which it 
receives the blood deprived of C0 2 . 

2 0 As shown clearly in the Figure 2 example, blood 

inlet channel 4 8 is formed in the bottom end of inner 
casing 39; and connecting conduit 4 9 extends from blood 
inlet channel 48, along an inner portion of bell-shaped 
member 40, and preferably, though not necessarily, comes 

25 out outside outer casing 34 to connect up with outlet 
channel 45 of outer casing 34. 

At the top end of inner casing 39, opposite blood 
inlet channel 48, a blood outlet channel 50 is provided 
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for the blood purified and deprived of C0 2 . In the Figure 

2 example, blood outlet channel 50 defines outlet 31 of 
filter 24, extends through the centre of the top end of 
outer casing 34, and comes out outside outer casing 34. 

5 When machine 1 is operated, flow pump 3 receives and 

feeds the blood from catheter 4 to connecting member 12, 
while at the same time unit 7 adds anticoagulant to the 
blood; and connecting member 12 mixes the blood with the 
liquid supplement supplied by supplementing unit 9, and 

10 feeds the blood to treatment unit 15. 

At treatment unit 15, the blood flows along inlet 
channel 41, and is forced by pressure inside bell -shaped 
member 40 and out through holes 42 towards the bottom end 
of the bundle of membranes 35. 

15 The pressurized blood forced upwards flows over 

and/or through membranes 35, while, at the opposite end, 
the oxygen flowing in from channel 3 8 and through top gap 

3 7 is directed towards the top of membranes 35, flows 
through and/or over membranes 35, and gradually downwards 

20 in the opposite direction to the blood flow. As it flows 
through membranes 35, the haemoglobin in the blood 
acquires oxygen and releases excess C0 2 , which flows to 
the bottom of outer casing 34, through bottom gap 43, and 
out through exhaust channel 44 . 

25 C0 2 removal from the ultraf iltrate is completed by 

the time the blood reaches the top of the bundle of 
membranes 35, where outlet channel 45 feeds the flow of 
the blood deprived of C0 2 along conduit 4 9 to inlet 
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channel 48 of inner casing 39, inside which purification 
takes place. 

The incoming blood from inlet channel 4 8 encounters 
and flows through semipermeable membranes 46, which 
5 separate the blood from the waste substances and/or toxic 
substances and surplus liquids, which are expelled from 
inner casing 3 9 along drain channel 47; and the 
pressurized blood is forced gradually towards outlet 
channel 50, from which it flows out purified. 
10 At this point, the blood flows through blood 

collecting vessel 17 and air detecting device 19, and 
back into the patient's cardiocirculatory system along 
catheter 5 . 

Machine 1 as described above is extremely 
15 advantageous, in that, integrating C0 2 removing device 23 
and filter 24 in one body, i.e. one treatment unit 15, 
permits simultaneous respiration support and extrarenal 
purification therapy, thus eliminating the need for non- 
physiological ventilation of the patient, with obvious 
20 benefits to the patient. 

It should be pointed out that, besides reducing the 
size of treatment unit 15, integration of C0 2 removing 
device 23 and filter 24 in one treatment unit 15 also 
simplifies connection of the various inlet/outlet 
25 conduits to purification circuit 2, so that treatment 
unit 15 can be assembled faster, with less likelihood of 
the circuit being connected wrongly. 

The Figure 3 embodiment relates to a treatment unit 
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60 similar to treatment unit 15, and the component parts 
of which are indicated, where possible, using the same 
reference numbers as for the corresponding parts of 
treatment unit 15. 
5 Treatment unit 60 differs from treatment unit 15 by 

C0 2 removing device 23 being connected to filter 24 so 
that filter 24 projects outwards of, as opposed to being 
housed completely inside, C0 2 removing device 23. 

More specifically, as opposed to being housed 

10 completely inside outer casing 34 (containing C0 2 
removing device 23), inner casing 39 containing filter 24 
projects outwards and upwards from outer casing 34. 

In the configuration shown in the Figure 3 example, 
inner casing 3 9 is connected to the top of outer casing 

15 34, and extends upwards coaxially with the longitudinal 
axis 52 of treatment unit 60. More specifically, the base 
portion 39a of inner casing 39 is fixed rigidly, 
preferably heat sealed, to the top portion 34a of outer 
casing 34 . 

2 0 As shown in Figure 3, bell -shaped member 4 0 of 

treatment unit 60 has no through holes 42 at the bottom, 
and is divided into two separate portions : a bottom 
portion 40a closed hermetically, and the outer lateral 
surface of which rests on membranes 35; and a top portion 

25 40b having a number of through holes 61, each defining 
outlet 2 8 and through which the blood deprived of C0 2 
flows from C0 2 removing device 23 to filter 24. Top 
portion 40b is also connected to filter 24 by one or more 
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conduits (not shown) by which the blood deprived of C0 2 
flows into filter 24. 

Inlet 25 of C0 2 removing device 23 is connected to 
an annular conduit 62 formed in the outer lateral wall of 
5 outer casing 34 , which has a number of inner through 
holes 63 facing, and through which the pressurized blood 
flows towards, membranes 35. 

In addition to the above, the bottom end of the 
bundle of membranes 35 is connected rigidly to the bottom 

10 end of outer casing 34 by supporting plate 36, which 
extends outwards to define, with the inner wall of the 
bottom end, a bottom gap 64 communicating with the 
outside of outer casing 34 via oxygen inlet channel 3 8 
defining inlet 26 of C0 2 removing device 23. 

15 In actual use, the blood to be filtered flows into 

C0 2 removing device 23 through inlet 25, into annular 
conduit 62, and out through holes 63 so as to flow under 
pressure to the bottom of the bundle of membranes 35. The 
pressurized blood forced upwards flows over and/or 

2 0 through membranes 35, while, at the same time, the 
pressurized oxygen flowing in from channel 3 8 and through 
bottom gap 64 is directed towards the bottom of the 
bundle of membranes 35, flows through membranes 35, and 
gradually upwards in the same direction as the blood 

25 flow. As the blood and oxygen flow through hollow fibres 
35, the haemoglobin in the blood acquires oxygen and 
releases excess C0 2 , which flows to the top of outer 
casing 34, through a top gap 43, and out through exhaust 
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channel 44 . 

C0 2 removal is completed by the time the blood 
reaches the top of the bundle of membranes 35, where 
through holes 61 feed the flow of the blood deprived of 
5 C0 2 along respective conduits (not shown) to the inlet 
(not shown) of inner casing 39, inside which filtration 
takes place . 

The blood then flows through semipermeable membranes 
46, which separate the blood from the waste substances 

10 and/or toxic substances and surplus liquids , which are 
expelled from inner casing 3 9 along drain channel 47; and 
the pressurized blood is forced gradually towards outlet 
channel 50, from which it flows out purified. 

Treatment units 15 and 60 described above may also 

15 be used to. advantage in a machine for respiration support 
therapy only, e.g. in patients with no kidney 
malfunction; in which case, the ultraf iltrate from drain 
channel 47 of C0 2 removing device 23 is obviously defined 
substantially by a dilution liquid, such as plasma water, 

2 0 and therefore contains no waste and/or toxic substances. 

Figure 4 shows one possible application of a 
treatment unit 15 (or 60 ) in a machine 6 5 for removing 
C0 2 from the blood, which therefore provides solely for 
respiration support therapy of a patient with no kidney 

2 5 malfunction. 

Machine 65 substantially comprises a blood flow 
circuit 66 (shown partly in Figure 4) connectable to the 
patient's cardiocirculatory system by catheters 4 and 5 
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for receiving blood from the patient and feeding it back, 
purified, to the patient; a treatment unit 15 (or 60) 
connected to blood flow circuit 66 to perform respiration 
support therapy; and an electronic control device 70 for 
5 coordinating the process for removing C0 2 from the blood 
and performed by treatment unit 15, and displaying a 
series of measuring parameters to monitor C0 2 removal 
continuously. 

More specifically, electronic control device 70 

10 comprises at least two blood flow pumps connected along 
blood flow circuit 66 (shown partly) : a first flow pump, 
hereinafter indicated 71, which circulates the blood at a 
given flow rate along flow circuit 66 and through 
treatment unit 15; and a second flow pump, hereinafter 

15 indicated 72, which receives the ultraf iltrate from drain 
channel 47, and supplies it to treatment unit 15 to 
appropriately dilute the blood in C0 2 removing device 23. 

As stated, the ultraf iltrate from drain channel 47 
of filter 24, coming from a patient with healthy kidneys, 

20 substantially comprises a dilution liquid defined by 
plasma water (with no waste and/or toxic substances) , so 
that treatment unit 15 operates in exactly the same way 
as an C0 2 removing device. That is, during blood 
purification, filter 24 simply removes the plasma water 

2 5 from the blood and feeds it to the C0 2 removing device, 
thus advantageously ensuring the blood in C0 2 removing 
device 23 is diluted sufficiently. 

In connection with the above, it should be pointed 
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out that filter 24, by simply providing in this case for 
removing the plasma water from the blood, may 
conveniently be reduced, thus further reducing the 
overall size of treatment unit 15. More specifically, 
5 filter 24 is designed to remove enough plasma water from 
the blood to dilute the blood supplied to C0 2 removing 
device 23, thus eliminating the need to excessively 
"coagulate" the patient, while at the same time ensuring 
correct operation of membranes 3 5 even for prolonged 

10 periods (e.g. 24 hours). 

It should also be pointed out that, in this case, 
besides drastically reducing blood flow resistance, thus 
reducing haemolysis, i.e. traumatic destruction of red 
blood cells, filter 24 also enables a sufficient pressure 

15 drop to be maintained in treatment unit 15 to prevent gas 
bubbles accidentally entering the blood, thus 
safeguarding the patient against gaseous embolisms. 

With reference to Figure 4, pump 72 has an inlet 72a 
connected to drain channel 47 of filter 24, and an outlet 

2 0 72b connected to inlet 2 5 of treatment unit 15; and pump 
71 is located along flow circuit 66, which has an inlet 
66a connected to catheter 4 to receive the blood for C0 2 
removal, and an outlet 66b connected by a conduit to 
catheter 5, which is inserted inside a vein to feed the 

25 blood deprived of C0 2 back into the patient's 
cardiocirculatory system. 

In the Figure 4 example, pumps 71 and 72 are defined 
by two peristaltic, e.g. roller; pumps, one of which 
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provides for circulating blood at a higher flow rate than 
the other. In the example shown, pump 71 may be designed 
for a flow rate of preferably about 350 ml/minute, and 
pump 72 is designed for a flow rate of preferably about 
53 ml/minute. 

Electronic control device 70 also comprises a first 
pressure detecting device 73 for supplying an output 
signal relative to the pressure of the ultraf iltrate 
supplied to C0 2 removing device 23 to dilute the blood; 
and a second pressure detecting device 74 for supplying 
an output signal relative to the intake pressure of the 
blood from the patient, and an output signal relative to 
the feedback pressure of the blood to the patient's body. 

Electronic control device 70 also comprises a 
detecting device 76, e.g. a flow gauge, for supplying an 
output signal relative to the oxygen flow rate to 
treatment unit 15 . 

With reference to Figure 4, electronic control 
device 70 also comprises an ultraf iltrate pressure 
display device 77; a display device 78 showing the 
feedback pressure of the blood to the patient's body; an 
intake blood pressure display device 79; a display device 
8 0 showing the oxygen flow rate to treatment unit 15; a 
display device 81 showing the flow of pump 71, i.e. the 
blood flow absorbed by the patient; and a display device 
82 showing the flow of pump 72, i.e. ultraf iltrate flow 
to treatment unit 15. 

Preferably, though not necessarily, electronic 
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control device 70 also comprises a display device (not 
shown) showing the fall in pressure in the blood flow 
from pump 71 to treatment unit 15. 

Electronic control device 70 also comprises a sensor 
5 83 preferably located along connecting conduit 18 of 
blood flow circuit 66, and for supplying an output signal 
relative to the presence of air or gas bubbles in the 
filtered feedback blood before it is fed back to the 
patient's body; and an acoustic/visual indicator device 

10 84 for generating on command an acoustic/visual alarm 
signal to inform the operator of a possible malfunction 
of the machine and/or a patient hazard condition. 

More specifically, in the Figure 4 example, 
acoustic/visual indicator device 84 comprises a number of 

15 displays 84a and/or acoustic indicators 84b, each 
indicating a corresponding hazard condition or 
malfunction, such as a sudden fall in blood pressure 
between pump 71 and treatment unit 15, intake or feedback 
blood pressure or flow outside a predetermined safety 

2 0 range, low oxygen supply to treatment unit 15, or the 
presence of air bubbles in the blood. 

Electronic control device 70 also comprises a 
central control block 85 for receiving the measured 
ultraf iltrate pressure signal from first pressure 

25 detecting device 73, and displaying it on display device 
77; receiving the measured intake and feedback pressure 
signals from second pressure detecting device 74, and 
displaying them on display devices 78 and 79 
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respectively; and receiving the oxygen flow rate signal 
from detecting device 76, and displaying it on display 
device 80. 

Central control block 85 also calculates, instant by 
5 instant, the blood flow supplied by pump 71 and the 
ultraf iltrate flow supplied by pump 72, and displays them 
on display devices 81 and 82 respectively. 

Central control block 85 also receives the signal 
from sensor 83, and disables pumps 71 and 72 immediately 
10 if air bubbles are detected in the blood. When this 
occurs, central control block 85 preferably activates 
acoustic/visual indicator device 84 to inform the 
operator of a system malfunction and/or patient hazard 
condition. 

15 Central control block 85 also determines, instant by 

instant, whether the intake or feedback blood pressure 
and/or flow values, the ultraf iltrate flow and/or 
pressure value, and the pressure drop conform with 
predetermined conditions on the basis of respective 

20 safety thresholds or ranges. 

If one or more conditions are not conformed with, 
and/or if air bubbles are detected, central control block 
85 : disables pumps 71 and 72; cuts off blood feedback to 
the patient and oxygen supply to the treatment unit; and 

25 activates acoustic/visual indicator device 84 to inform 
the operator of a system malfunction and/or patient 
hazard condition. It should be pointed out that blood 
feedback to the patient and/or oxygen supply to the 
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treatment unit may be cut off by central control block 85 
commanding closure of a number of solenoid valves (not 
shown) installed along flow circuit 66 and at the oxygen 
inlet . 

5 In a different embodiment not shown, machine 65 may 

be equipped with a treatment unit 15 in which C0 2 
removing device 23 and filter 24 are separate, i.e. not 
integrated in one body. In which case, drain channel 4 7 
of filter 24 is still connected via second pump 72 to 

10 inlet 2 5 of C0 2 removing device 23 to supply C0 2 removing 
device 23 with sufficient excess liquid filtered from the 
blood to ensure correct dilution of the during removal of 
C0 2 from the blood. 

Clearly, changes may be made to the blood treatment 

15 machine and unit as described and illustrated herein 
without, however, departing from the scope of the present 
invention . 


